analysis and a single-crystal X-ray diffraction study.
Introduction
The binuclear platinum(II) sulfide complex [Pt2(µ-S)2(PPh3)4] 1 has been known for a long time, [1] and has a well-established, extensive and diverse chemistry, primarily as a result of the high nucleophilicity of the bridging sulfido ligands. This can be exemplified by the reactivity of complexes containing {Pt2S2} cores towards even very weak alkylating agents such as dichloromethane. [2, 3] Closely-related analogues, with alternative phosphine ligands in place of PPh3, are also well-known. [4, 5] The related selenide complex [Pt2(µ-Se)2(PPh3)4] 2 has been less-intensively studied, [6] but has distinctive reactivity differences compared to its sulfide counterpart. [7, 8, 9] The chemistry of these complexes, which has been reviewed on a number of occasions, [10, 11, 12, 13] is dominated by their alkylation and arylation reactions with suitable electrophiles, and their reactivity as metalloligands, forming sulfide-bridged multi-metallic complexes. Despite their extensive chemistry, new pathways of reactivity continue to be developed, such as in the reactivity towards a chloropyridinium salt and NH3, resulting in the formation of the novel binuclear platinum µ-amido complex [Pt2(µ-S)(µ-NH2)(PPh3) 4] + . [14] There are only two reported complexes in the literature that contain the {Pt(µ-S)(µ- S, Se, Te and typified by [Pt2(µ-S)(µ-Se)(PPh3)4] 5a. The methodology used exploits the efficacy of electrospray ionisation mass spectrometry (ESI MS) [17] as a rapid, efficient and informative technique for exploring the chemistry of these metal chalcogenide systems, [11] and in this contribution we describe a detailed ESI MS investigation of such mixedchalcogenide systems.
Results and discussion

Exchange reaction of [Pt2(µ-S)2(PPh3)4] and [Pt2(µ-Se)2(PPh3)4] in ethanol
Initially, exchange of the chalcogenide ligands between complexes [Pt2(µ-S)2(PPh3)4] 
Reactivity of [Pt2(µ-E)2(PPh3)4] towards elemental chalcogens
In the hope of obtaining a cleaner synthetic route to the mixed chalcogenide species [Pt2(µ-S)(µ-Se)(PPh3)4] 5a, the reactions of 2 with S8, and of 1 with grey selenium were attempted. The behaviour of S8 as a mild oxidising agent is known in organic reactions [22] and has been found to be more oxidising than elemental selenium, with S8 having a more positive standard redox potential. [23] Therefore, the reaction of Se with [Pt2(µ-S)2(PPh3)4] 1
was not expected to proceed readily.
[Pt2(µ-Se)2(PPh3)4] 2 was reacted with a molar equivalent of S8 in a mixed toluene- attributed to π-π overlap between the π orbital of the chalcogen atom and adjacent phenyl carbon, resulting in a strengthened C-E bond. [26] Experimental observations agree with the calculated bond strengths, with C-S bonds (300.14 kJ mol 
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The reaction of Ph2Se2 and 1 (reaction A) proceeds more slowly than the 
Reactivity of [Pt2(µ-E)2(PPh3)4] (E = S, Se) towards diaryl ditellurides R2Te2
The Te-C bond, although shown to be weaker than E-C bonds of the lighter chalcogenides, [29] would still be of significant strength due to the phenyl-tellurium π orbital interaction decreasing the likelihood of dissociation.
The micro-scale reaction was re-examined by ESI MS after 24 hours, revealing a much cleaner spectrum (Fig. 3b) 14 Arguably, the most closely related structure in the literature is the all-sulphur analogue, where the selenium and tellurium atoms of 13b are substituted by sulfur atoms, which was isolated as the chloride, acetone solvate. [16] The molecular structure of the cation resembles closely that in 13b but, lacks the strict crystallographic symmetry of the latter. The Pt … Pt separations within the approximately equilateral triangle span a narrow range, i.e. 3.0440(6) to 30609(9) Å, and are considerably shorter than in 13b due, in part, to the formation of shorter Pt … Sapical bond lengths, i.e. ca.
Å.
A view of the unit cell contents for 13b·PF6 is given in Fig. 8b . The ions comprising the structure are aligned in columns parallel to the unique axis, the c-axis, and are surrounded by the organic residues. Except for some weak phenyl-C-H···F interactions [ 38 ] , the constituents are separated by van der Waals contacts.
Discussion and conclusion
The well-known affinity of platinum for chalcogen-containing ligands is exemplified We are currently exploring the reactivity of [Pt2(µ-E)2(PPh3)4] towards a range of other Te sources, and results will be reported subsequently.
Experimental
Instrumentation
High-resolution ESI mass spectra were recorded using a Bruker MicrOTOF instrument. Calibration was periodically carried out using a methanolic solution of sodium formate. Spectra were recorded using either methanol or ethanol as the solvent; typically a drop of the reaction solution was diluted to ca. 
Materials
The complexes [Pt2(µ-S)2(PPh3)4] 1 [40] and [Pt2(µ-Se)2(PPh3)4] 2 [6] were prepared by the literature procedures. The following compounds were used as supplied from commercial sources: diphenyl diselenide (Aldrich), diphenyl ditelluride (Aldrich), grey powdered selenium (BDH). (p-EtOC6H4)2Te2 was synthesised by the literature procedure. [41] Solvents used were of laboratory reagent grade.
Diphenyl disulfide was prepared by oxidation of thiophenol (BDH, 0.5 mL, 5 mmol)
in MeOH (5 mL) with 27% H2O2 (1 mL, 10 mmol). After 1 h the white crystalline solid was filtered, washed with MeOH (2 x 10 mL), and dried under vacuum (540 mg, 99%). 
Attempted reaction of [Pt2(µ-S)2(PPh3
Reaction of [Pt2(µ-S)2(PPh3)4] 1 with elemental Se in ethanol
[Pt2(µ-S)2(PPh3)4] (40 mg, 0.027 mmol) and Se (100 mg, 1.27 mmol) were suspended in methanol (25 mL) and the mixture was stirred at room temperature for 48 h resulting in a black suspension. Centrifugation gave a light-yellow solution which was analysed by ESI MS. 
Reaction of [
X-ray crystallography
The diffraction data (19529 reflections; θmax = 74.0º) for a diamond-like sample of [{Pt(PPh3)}3(µ3-Se)(µ-TePh)3]PF6 13b·PF6 (0.16 x 0.17 0.28 mm) were measured using a SuperNova CCD diffractometer with Cu-Kα radiation (λ = 1.54184 Å) and ω scans. The intensity data were processed with the CrysAlis Pro software suite [42] ; 4509 independent data (Rint = 0.040) and 4072 with I ≥ σ(I). The structure was solved by direct methods [43] and full-matrix least-squares refinement on F 2 was performed using SHELXL-2014/7 [44] integrated in WinGX [45] . The C-bound H atoms were placed on stereochemical grounds and The maximum and minimum residual electron density peaks of 1.51 and 1.65 e Å -3 , respectively, were located 1.27 and 0.52 Å from the Te1 and P3 atoms, respectively.
Crystallographic diagrams were drawn with ORTEP-3 for Windows [45] and DIAMOND [46] ; PLATON [47] was also used in the study. A view in projection down the c-axis of the molecular packing in 13b·PF6.
